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1
WIRE HARNESS

FIELD OF THE INVENTION

The present invention relates to a wire harness that has a
nonwoven fabric exterior structure, in particular to disassem-
bly easiness of the nonwoven fabric exterior structure.

BACKGROUND OF THE INVENTION

As an on-vehicle wire harness, there is a wire harness that
has a nonwoven fabric exterior structure that is formed by
heat-molding (hot pressing) a nonwoven fabric in a state
covering a wire bundle. As the nonwoven fabric exterior
structure, for example, there is a wire protection member
disclosed in Patent Literature 1.

FIG. 5 illustrates an explanatory diagram illustrating a
conventional wire harness that has a nonwoven fabric exterior
structure. As illustrated in FIG. 5, a wire harness 8 has a
nonwoven fabric exterior structure 33 that is formed covering
a portion of an outer periphery of a wire bundle 12.

FIGS. 6, and 7A, 7B illustrate explanatory diagrams illus-
trating a manufacturing method of the conventional wire har-
ness 8. In the following, with reference to FIGS. 6 and 7A, 7B,
the manufacturing method of the conventional wire harness 8
is described.

As illustrated in FIG. 6, a hot press mold 50 that is used in
order to obtain the nonwoven fabric exterior structure 33 has
a lower mold 60 and an upper mold 70.

The lower mold 60 is a long member that is formed of a
metal and the like having excellent thermal conductivity. A
lower mold surface 62 is formed on one main surface (upper
surface) of the lower mold 60. Schematically, the lower mold
surface 62 is formed in a groove shape that opens upward and
on both end sides. The lower mold surface 62 is formed to
have a length in a longitudinal direction that is the same as a
length of a to-be-protected portion (portion to be covered by
the nonwoven fabric exterior structure 33) of the wire bundle
12.

Further, bottoms of two ends of the lower mold surface 62
in the longitudinal direction are formed to have a semi-circu-
lar cross section that has an inner diameter corresponding to
an external shape of the nonwoven fabric exterior structure
33.

The upper mold 70 is a long member that is formed of a
metal and the like having excellent thermal conductivity. On
one main surface (lower surface) of the upper mold 70, an
upper mold surface 72 is formed in a groove shape having an
arc-shaped cross section. The upper mold surface 72 is
formed to have a width that allows the upper mold surface 72
to be arranged inside the lower mold surface 62 while allow-
ing the upper opening of the lower mold surface 62 to be
filled. A lower surface of the upper mold surface 72 is formed
to have a semi-circular cross section that has an inner diam-
eter corresponding to the external shape of the nonwoven
fabric exterior structure 33.

By arranging the upper mold surface 72 inside the lower
mold surface 62, a space that allows the nonwoven fabric
exterior structure 33 to be formed is formed between the
upper mold surface 72 and the lower mold surface 62. A
heating mechanism (not illustrated in the drawings) such a
heater is provided in the lower mold 60 and the upper mold
70.

In the following, a method for manufacturing the non-
woven fabric exterior structure 33 from a nonwoven fabric 3
before molding, using the above-described hot press mold 50,
is specifically described.
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First, a portion of the wire bundle 12 in a state of being
wound with the nonwoven fabric 3 is arranged in the lower
mold surface 62 of the lower mold 60.

Specifically, as illustrated in FIG. 7A, the wire bundle 12
oriented along the longitudinal direction in a state where the
nonwoven fabric 3 is wound around the wire bundle 12 (con-
figured by a plurality of wires 11) is arranged in the lower
mold surface 62. In this case, a winding start edge 3s of the
nonwoven fabric 3 is temporarily fixed using a double-sided
tape or the like (not illustrated in the drawings) on the wire
bundle 12, and a winding end edge 3e of the nonwoven fabric
3 is temporarily fixed via a double-sided tape (not illustrated
in the drawings) on an outer peripheral surface of an already-
wound portion of the nonwoven fabric 3.

Thereafter, the upper mold surface 72 of the upper mold 70
is inserted into the lower mold surface 62. In this state, the
nonwoven fabric 3 is heat-molded (hot-pressed) inside the hot
press mold 50. That is, in a state where the nonwoven fabric
3 is pressed between the lower mold surface 62 and the upper
mold surface 72, the nonwoven fabric 3 is heated.

Thereafter, when the nonwoven fabric 3 is cooled, a surface
of'the nonwoven fabric 3 is cured in a shape corresponding to
the shapes of the lower mold surface 62 and the upper mold
surface 72. Further, overlapping portions of the nonwoven
fabric 3 are in a close contact state of being mutually bonded.
In this way, the nonwoven fabric exterior structure 33 in a
state of covering the wire bundle 12 is formed and the wire
harness 8 having the nonwoven fabric exterior structure 33
illustrated in FIG. 5 is completed.

RELATED ART
Patent Literature

Patent Literature 1: Japanese Patent Laid-Open Publica-
tion No. 2012-110101.

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, in the nonwoven fabric exterior structure 33, the
overlapping portions of the nonwoven fabric 3 before heat-
molding are in the close contact state of being mutually
bonded. Therefore, it is impossible to visually recognize the
winding end edge 3e, and it is extremely difficult to disas-
semble the nonwoven fabric exterior structure 33 without
damaging the interior wire bundle 12.

Therefore, there is a situation where, when the wire harness
8 is manufactured by erroneously attaching the nonwoven
fabric exterior structure 33 to the wire bundle 12 due to a
dimensional error of the nonwoven fabric exterior structure
33, defective attachment to the wire bundle 12, or the like, it
becomes necessary to discard the nonwoven fabric exterior
structure 33, of course, and also the wire bundle 12 that is to
be protected, and as a result, the wire bundle 12 cannot be
reused.

The present invention is made to solve the above circum-
stances and is aimed to obtain a wire harness that allows only
anonwoven fabric exterior structure to be disassembled with-
out damaging an interior wire bundle.

Means for Solving the Problems
A wire harness according to a first aspect of the present

invention includes: a wire bundle; a nonwoven fabric exterior
structure that is formed by being heat-molded in a state where
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a nonwoven fabric covers the wire bundle, and has a non-
woven fabric edge during molding; and an auxiliary member
that is formed on an outer peripheral surface of the nonwoven
fabric exterior structure so that a formation position of the
nonwoven fabric edge can be visually recognized. The non-
woven fabric exterior structure has a structure that is obtained
by performing heat-molding in a state where the wire bundle
is wound with the nonwoven fabric, and the nonwoven fabric
edge has a winding end edge that is formed on an outer
peripheral surface along a longitudinal direction of the wire
bundle.

According to a third aspect of the present invention, which
relates to the wire harness of the first aspect of the present
invention, the auxiliary member has a tape material that is
formed to have one end exposed from the winding end edge
and the other end embedded inside the nonwoven fabric exte-
rior structure.

According to a fourth aspect of the present invention,
which relates to the wire harness of the third aspect of the
present invention, the other end of the tape material is
arranged to be in contact with a portion of the wire bundle.

Effect of the Invention

The wire harness according to the first aspect of the present
invention includes the auxiliary member that is formed on the
outer peripheral surface of the nonwoven fabric exterior
structure so that the formation position of the nonwoven
fabric edge can be visually recognized. Therefore, by insert-
ing a jig for disassembly from the nonwoven fabric edge that
is visually recognized from the auxiliary member, a disas-
sembly operation to remove only the nonwoven fabric exte-
rior structure can be relatively easily performed.

As a result, without damaging the interior wire bundle, by
disassembling only the nonwoven fabric exterior structure,
the interior wire bundle after the disassembly can be reused.

In addition, according to the first aspect of the present
invention, with respect to the nonwoven fabric exterior struc-
ture that is heat-molded in the state in which the wire bundle
is wound with the nonwoven fabric, by inserting a jig for
disassembly from the winding end edge that is recognized
with reference to the auxiliary member, a disassembly opera-
tion to remove only the nonwoven fabric exterior structure
can be relatively easily performed.

According to the third aspect of the present invention, the
other end of the tape material is embedded inside the non-
woven fabric exterior structure and the one end is exposed
from the winding end edge. Therefore, a region where the
tape material exists at the winding end edge becomes a non-
close contact region where overlapping portions of the non-
woven fabric are not in close contact with each other even
after the heat-molding.

Therefore, since a jig for disassembly can be relatively
easily inserted from the non-close contact region, a disassem-
bly operation to remove only the nonwoven fabric exterior
structure can be relatively easily performed.

In addition, the tape material can be easily cut. Therefore,
when disassembly of the nonwoven fabric exterior structure
is not necessary, by cutting and removing the exposed portion
of the tape material, appearance of the wire harness is not
undermined.

According to the fourth aspect of the present invention, the
other end of the tape material is arranged in contact with a
portion of the wire bundle. Therefore, by using a path extend-
ing from one end to the other end of the tape material as a path
for the disassembly of the nonwoven fabric exterior structure,
the disassembly operation can be efficiently performed.
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The purpose, features, aspects and advantages of the
present invention will be made clearer by the following
detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an explanatory diagram illustrating a part
of' a manufacturing process of a wire harness of the present
embodiment.

FIGS. 2A and 2B illustrate an explanatory diagram illus-
trating the wire harness in a completed state.

FIG. 3 illustrates an explanatory diagram illustrating a
situation at start of a disassembly operation of a nonwoven
fabric exterior structure of the wire harness.

FIG. 4 illustrates an explanatory diagram illustrating
another embodiment of a heat-molding process for obtaining
a nonwoven fabric exterior structure.

FIG. 5 illustrates an explanatory diagram illustrating a
conventional wire harness that has a nonwoven fabric exterior
structure.

FIG. 6 illustrates explanatory diagram illustrating a manu-
facturing method (part 1) of the conventional wire harness.

FIGS. 7A and 7B illustrate an explanatory diagram illus-
trating the manufacturing method (part 2) of the conventional
wire harness.

MODE FOR CARRYING OUT THE INVENTION

FIG. 1 illustrates an explanatory diagram illustrating a part
of'a manufacturing process of a wire harness 1 of the present
embodiment. FIGS. 2A, 2B illustrate an explanatory diagram
illustrating the wire harness 1 in a completed state. FIG. 3
illustrates an explanatory diagram illustrating a situation at
start of a disassembly operation with respect to a nonwoven
fabric exterior structure 30 of the wire harness 1.

As illustrated in FIGS. 2A, 2B, similar to the nonwoven
fabric exterior structure 33 illustrated in FIGS. 6 and 7A, 7B,
the wire harness 1 has the nonwoven fabric exterior structure
30 that is formed by heat-molding a nonwoven fabric 3 in a
state of being wound around a wire bundle 12. An outer
periphery of a portion of the wire bundle 12 is protected by the
nonwoven fabric exterior structure 30.

Therefore, the nonwoven fabric exterior structure 30 has a
winding end edge 3¢ (nonwoven fabric edge) that is formed
on an outer peripheral surface of the nonwoven fabric exterior
structure 30 along a longitudinal direction of the wire bundle
12. However, during heat-molding, overlapping portions of
the nonwoven fabric 3 are in a close contact state of being
mutually bonded. Therefore, the winding end edge 3e itself
cannot be visually recognized.

Therefore, as illustrated in FIG. 1, when the wire bundle 12
is wound with the nonwoven fabric 3 from a winding start
edge 3s to the winding end edge 3e before heat-molding, the
wire bundle 12 is also wound with a paper tape 2 of a tape
material that acts as an auxiliary member. In this case, by
performing heat-molding in a state where a front end portion
of'the paper tape 2 sticks out from the winding end edge 3e, as
illustrated in FIG. 2A, one end of the paper tape 2 is exposed
from the winding end edge 3e, and the other end is embedded
inside the nonwoven fabric exterior structure 30.

By temporarily fixing one end of the paper tape 2 in a state
of'sticking out from the winding end edge 3¢ of the nonwoven
fabric 3 using a double-sided tape or the like on an outer
peripheral surface of an already-wound portion of the non-
woven fabric 3 during heat-molding, after the wire harness 1
is completed, the one end of the paper tape 2 can be reliably
exposed from the winding end edge 3e.
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Therefore, a base position of the paper tape 2 that is
exposed from the outer peripheral surface of the nonwoven
fabric exterior structure 30 is certainly a position of the wind-
ing end edge 3e. Therefore, by referring to the paper tape 2,
the winding end edge 3e can be accurately visually recog-
nized.

Therefore, by accurately inserting a jig (such as a jig of a
butter knife shape) for disassembly from the winding end
edge 3e, as illustrated in FIG. 3, by expanding a disassem-
bling space 5 from a base portion of the paper tape 2 of the
winding end edge 3e, a disassembly operation to remove only
the nonwoven fabric exterior structure 30 can be relatively
easily performed.

As a result, without damaging the interior wire bundle 12,
by disassembling only the nonwoven fabric exterior structure
30, the interior wire bundle 12 after the disassembly can be
reused.

Further, due to the presence of the paper tape 2, a portion of
the winding end edge 3e cannot be in close contact with an
overlapping portion of the nonwoven fabric 3 before heat-
molding. Therefore, as illustrated in FIG. 2B, which illus-
trates an enlarged view of a peripheral region of the paper tape
of FIG. 2A, a gap 44 of a non-close contact region is formed
between the paper tape 2 of the winding end edge 3¢ and a
surrounding region thereof.

Therefore, since ajig for disassembly can be easily inserted
from the gap 44, a disassembly operation to remove only the
nonwoven fabric exterior structure 30 can be relatively easily
performed. Further, when the gap 44 is relatively broad, a
manual disassembly is also possible without using a jig.

Further, the paper tape 2 can be easily cut. Therefore, when
disassembly of the nonwoven fabric exterior structure 30 is
not necessary, by cutting and removing the exposed portion of
the paper tape 2, appearance of the wire harness 1 is not
undermined.

Further, as illustrated in FIG. 1, by arranging the other end
of'the paper tape 2 in contact with a portion of the wire bundle
12, a path extending from one end to the other end of the paper
tape 2 can be used as a path for the disassembly of the
nonwoven fabric exterior structure 30 that has been heat-
molded by winding. Thereby, the disassembly operation of
the nonwoven fabric exterior structure 30 can be more effi-
ciently performed.

By temporarily fixing the other end of the paper tape 2 to a
portion of the wire bundle 12 using a double-sided tape or the
like during heat-molding, the other end of the paper tape 2 can
be reliably arranged to be in contact with the portion of the
wire bundle 12, after the wire harness 1 is completed.

Other Embodiment

In FIGS. 1-3, the nonwoven fabric exterior structure 30 is
illustrated that is obtained by performing heat-molding in the
state in which the wire bundle 12 is wound with the nonwoven
fabric 3. However, a nonwoven fabric exterior structure that is
heat-molded in another embodiment is also applicable. FI1G.
4 illustrates an explanatory diagram illustrating another
embodiment of a heat-molding process for obtaining a non-
woven fabric exterior structure.

As illustrated in FIG. 4, in the other embodiment, a heat-
molding process is performed in a state where a wire bundle
12 that is configured by a plurality of wires 11 is sandwiched
from above and below by an upper nonwoven fabric member
31 and a lower nonwoven fabric member 32. In the case of the
other embodiment illustrated in FIG. 4, by performing heat-
molding in a state where, while the other end of a paper tape
2 is in contact with one wire 11 (which is possible by tempo-
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rarily fixing the other end of the paper tape 2 to the one wire
11 using a double-sided tape or the like), one end of the paper
tape 2 sticks out from a close-contact front end portion (a
nonwoven fabric edge) between a lower end 31e of the upper
nonwoven fabric member 31 and an upper end 32e of the
lower nonwoven fabric member 32, a base portion of the
exposed paper tape 2 is certainly the close-contact front end
portion.

Therefore, by accurately inserting a jig for disassembly
from the close-contact front end, similar to the nonwoven
fabric exterior structure 30 illustrated in FIGS. 1-3, a disas-
sembly operation to remove only the nonwoven fabric exte-
rior structure can be relatively easily performed.

In the other embodiment, there is a possibility that the
portion of the paper tape 2 exposed from the close-contact
front end between the lower end 31e and the upper end 32¢ is
cut during heat-molding. However, even in this case, when a
remaining portion of the paper tape 2 can be recognized from
an outer peripheral surface of the nonwoven fabric exterior
structure 33, the above-described effect can be achieved.

MISCELLANEOUS

In the present embodiment, the relatively inexpensive
paper tape 2 as a tape material is illustrated. However, other
than the paper tape 2, any tape material can be alternatively
used that allows an exposed portion thereof to be easily
removed after the nonwoven fabric exterior structure 30 is
formed, without adversely atfecting the formation of the non-
woven fabric exterior structure 33 during heat-molding. For
example, a cloth tape (such as a flatly-spread shoelace-like
tape) can be considered as a substitute for the paper tape 2. A
cloth tape is less likely to be cut than a paper tape and thus is
superior in stability in the case where the above-described
path for disassembly is formed as compared to a paper tape.
Further, it is also possible to use an adhesive tape having
adhesiveness on both sides or on one side. In this case, the
adhesive tape can temporarily fix itself on the outer peripheral
surface of the nonwoven fabric 3 and on the wire bundle 12
during heat-molding.

Within the scope of the present invention, modifications
and omissions with respect to the embodiments can be suit-
ably made.

DESCRIPTION OF REFERENCE NUMERALS

1 Wire harness

2 Paper tape

3 nonwoven fabric

11 wire

12 wire bundle

30 nonwoven fabric exterior structure

The invention claimed is:

1. A wire harness comprising:

a wire bundle;

a nonwoven fabric exterior structure that is formed by
being heat-molded in a state where a nonwoven fabric
covers the wire bundle, and has a nonwoven fabric edge
during molding; and

an auxiliary member that is formed on an outer peripheral
surface of the nonwoven fabric exterior structure so that
aformation position of the nonwoven fabric edge can be
visually recognized, the auxiliary member extends cir-
cumferentially around the wire bundle on an inner sur-
face of the nonwoven fabric exterior structure between
the wire bundle and the nonwoven fabric exterior struc-
ture, wherein
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the nonwoven fabric exterior structure has a structure that
is obtained by performing heat-molding in a condition in
which the wire bundle is wound with the nonwoven
fabric, and

the nonwoven fabric edge has a winding end edge thatis 5
formed on an outer peripheral surface along a longitu-
dinal direction of the wire bundle.

2. The wire harness according to claim 1, wherein

the auxiliary member has a tape material that is formed to
have one end exposed from the winding end edge and the 10
other end embedded inside the nonwoven fabric exterior
structure.

3. The wire harness according to claim 2, wherein

the other end of the tape material is arranged to be in
contact with a portion of the wire bundle. 15
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